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Th is  g ran t  was awarded t o  e s t a b l i s h  and support cooperat ive 
research rograms between t h e  Center of .Astrophysica1 sciences (CAS) a t  t he  
~ o h n s  HOP i n s  u n i v e r s i t y  and t h e  Laboratory f o r  H i  h Energy 
Ast rophys ics (LHEA) a t  the  NASA/Goddard Space F l i g  t Center (GSFC). The goals 
o f  t he  program a re  t o  f a c i l i t a t e ,  encourage and i n i t i a t e ,  
(1) shar ing o f  resources, knowled e and exper t i se  i n  t h e  general 

ast rophys ics,  and re levan t  databases; (2) new co l l abo ra t i ons  and p ro jec ts  
between t h e  two i n s t i t u t i o n s  and i t s  s c i e n t i s t s ,  
(3) t r a i n i n g  and mentoring o f  JHU students and j u n i o r  researchers 
by way o f  connecting them w i t h  appropr iate researchers and 
experts a t  t h e  LHEA. 

D r .  T. yaqoob, a Research S c i e n t i s t ,  i s  the 
coord ina tor  fo r  CAS/LHEA coop a c t i v i t i e s .  
These have invo lved arranging seminars and speci a1 t a l  ks g iven by 
s c i  e n t i  s t s  a t  the  two i n s t i t u t i o n s  , coordi n a t i  ng c o l l  abo ra t i  ve 
research and work on observ i  ng proposals, t r a i  n i  n9 students 
and pos t -doc tora l  researchers,  and impor t i  ng m i  ss ion-speci  f i  c exper t i  se 
from LHEA. 

Many c o l l a b o r a t i v e  p r o j e c t s  between JHU and GSFC researchers have been 
success fu l l y  completed, r e s u l t i n g  i n  36 pa ers  publ ished i n  re fereed 

The research has covered a wide v a r i e t y  o f  t o p i c s ,  e n e f i t i n g  from 
combining and poo l i ng  t h e  exper t i se  of researchers a t  t he  two i n s t i t u t i o n s  . 
P a r t i c u l a r l y  s t rong areas o f  research have been t h e  study o f  
(i) Starburs t  ga lax ies  and the  starburst/AGN connection; 
(ii) atomic fea tures  i n  AGN X-ray spectra, i n c l u d i n g  s o f t  X-ray 
s ignatures o f  ou t f lows and the  i n t e r g a l a c t i c  medium, as w e l l  as s ignatures 
o f  s t rong g r a v i t y ;  (iii) mult iwavelen t h  observat ions of e x t r a g a l a c t i c  sources; 

and (v i )  t h e  CXRB and d i s c r e t e  sources from x- ray  deep f i e l d s .  

I n  t h i s  f i n a l  repo r t  a summary i s  given o f  a c t i v i t i e s  over t h e  pe r iod  
o f  performance o f  t h e  award, o r  anized by p r i n c i p a l  personnel 
(1 i sted a1 phabet i  c a l l  y , a f t e r  t ; e coop coord inator)  . Fol1 O w i  ng t h i  s summary 
i s  a l i s t  o f  pub l i ca t i ons  

1 R 

area o f  research i n  High Energy o 8 serva t iona l  and t h e o r e t i c a l  

f! j ou rna ls  p lus  one PhD t h e s i s .  D e t a i l s  o f  t t: ese are  i v e n  below. 

(i v) v a r i  ab i  1 i t y  s t u d i  es o f  a c t i v e  ga 9 ax i  es , (v) h i  gh-redshi ft quasars ; 

r e s u l t i n g  from these a c t i v i t i e s .  

SUMMARY OF A C T I V I T I E S  

D r .  T .  yaqoob (coop coord inator)  

D r .  Yaqoob, i n  c o l l a b o r a t i o n  w i t h  s c i e n t i s t s  from JHU and LHEA, has been 
working on s tudy ing t h e  Fe K l i n e  emission and photo ion ized ou t f l ows  
i n  a c t i v e  g a l a c t i c  n u c l e i  (AGN) using p r o p r i e t a r y  and a r c h i v a l  data from 
cur ren t  and past  x - ray  astronomy missions. A p a r t i c u l a r  emphasis has been 
on u t i l i z i n g  the  h ighes t  energy reso lu t i on  c u r r e n t l y  a v a i l a b l e  (w i th  the  
chandra High Energy Grat ings) t o  address two p a r t i c u l a r  problems. One 
i s  the deconvolut ion o f  narrow Fe K l i n e  emission components f rom the  
o v e r a l l  l i n e  p r o f i l e  i n  order t o  understand t h e  e f f e c t s  o f  s t rong g r a v i t y  
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i n  the  v i c i n i t y  of a b lack  hole.  This  in fo rmat ion  can be used t o  he lp  
i n t e r p r e t  lower r e s o l u t i o n  (but h igher  throughput) data from missions such 
as A K A ,  RXTE, BeppoSAX and XMM-Newton. The second area o f  research has 
been t o  understand t h e  physics of t he  photoionized ou t f lows from 
h igh - reso lu t i on  x - ray  spectroscopy, i nc lud ing  the  connect ion between the  
X-ray and uv absorbers, us ing simultaneous x - ray  and HST observat ions.  

w i t h  c o l l  aborators from Prague u n i v e r s i t y  , D r  . Yaqoob has a1 so been invo lved 
i n  t h e o r e t i c a l  work on a code which ray-traces photon t r a j e c t o r i e s  i n  the  
s ace-time o f  a Kerr  b lack  hole.  The code i s  more accurate and enera l i zed  

t o  cons t ra in  the  b lack-hole angular momentum parameter from r e a l  data.  
I t  w i l l  be usefu l  t o  researchers a t  JHU and GSFC, as w e l l  as t o  the  
l a r g e r  community f o r  modeling X-ray spectra. A paper has been submit ted 
f o r  pub1 i c a t i  on. 

w i t h  co l l abo ra to rs  f rom JHU and LHEA, D r .  Yaqoob has been invo lved  w i t h  
a chandra observat ion (PI, Ya oob) which revealed evidence o f  a 
much-sought-after s ignature  07 the  hot  i n t e r g a l a c t i c  medium. o n l y  a few 
o ther  r e  o r t s  i n  the  l i t e r a t u r e  e x i s t  so f a r ,  bu t  i f  t h e  are  v ind ica ted ,  

i n the  Universe. 

I n  a d d i t i o n  t o  mentor ing the  JHU post -doctora l  researchers Barry  McKernan, 
and Mari ko Ninomiya, D r .  Yaqoob has been t r a i n i n g  and mentoring graduate 
students i n c l u d i n g  Jonathan Gelbord and Urmi la  Padmanabhan. Jonathan Gelbord 
obta ined h i s  PhD i n  2002 and Urmi la  Padmanabhan i s  beginning her  t h e s i s  
research i n  the  area o f  x - ray  spectroscopy. 

D r .  Yaqoob has a l so  has been working w i th  

work f o r  ASCA, as w e l l  as science preparat ion and lann ing  (w i th  D r .  
P e t e r  Ser lemitsos f rom GSFC) f o r  A S t r O - E ? ,  the  h i g  r: - r e s o l u t i o n  
Japanese/US X-ray spectroscopy mission t o  be launched i n  2005. 

I n  2001, the  coop hosted an i n t e r n a t i o n a l  workshop e n t i t l e d  

Johns Hopkins U n i v e r s i t y ,  20-23 June. The workshop was 
we1 1 -at tended, w i t h  over  100 p a r t i  c i  pants from i n s t i t u t i o n s  around t h e  
wor ld ,  w i t h  s i  gni  f i  cant  p a r t i  c i  p a t i  on by members from CAS and LHEA. 
The Sci e n t i  f i  c Organi z i  ng Committee, consi s t i  ng o f  s c i  e n t i  s t s  
from both  CAS and LHEA, as we l l  as external  members, pu t  together  
a comprehensive program o f  22 i n v i t e d  speakers who are  lead ing  exper ts  
i n  the  f i e l d ,  p lus  14 cont r ibu ted  t a l k s .  I n c l u d i n g  pos ters ,  more than 
80 papers were presented i n  t o t a l .  B ib l iograph ic  e n t r i e s  f o r  each paper 
have s ince been submit ted t o  the  ADS (Ast rophys ica l  Data system) database. 
The worksho was very  product ive,  and f u r t h e r  d e t a i l s  o f  t he  r o  ram, 

http://www.pha.jhu.edu/groups/astro/workshop2OOl/. 

D r  . John Canni zzo (GSFC) 
has been v i  s i  t i  ng JHU t o  co l labora te  on t h e o r e t i c a l  
work w i t h  Ethan v i shn iac  (JHU) and Insu v i  (KIAS) . They are  s tudy ing  the  
e f f e c t  o f  coronal mass i n ' e c t i o n  and mass l o s s  on the  e v o l u t i o n  of 
s o f t  x - ray  t r a n s i e n t s .  
~ o h n  cannizzo ( A ~ J ,  534, 3 5 ~ ,  2000) on the  e f f e c t  o f  i r r a d i a t i o n - i n d u c e d  
evaporat ion from the  d i s k  on a t y p i c a l  FRED' ou tbu rs t .  

D r .  E. Co lber t  (JHU), 
an associate research s c i  e n t i  s t ,  i n c o l l  aborat ion w i t h  K. Weaver (GSFC/JHU) , 
I. Mulchaey, R. Mushotzk (GSFC), and 3 .  K r o l i k  (JHU) publ ished 
a paper: on the  x- ray r e f  Y ectors  i n  the Sey fer t  2 galaxy NGC 1068. 
I n  c o l l  aborat ion w i t h  K .  weaver (GSFC/JHU) , Col b e r t  worked 

t R an o the r ,  c u r r e n t l y  a v a i l a b l e  codes and a l lows t h e  user f o r  t 1 e f i r s t  t i m e  

they w i l y  have impor tant  i m p l i c a t i o n s  f o r  cons t ra in ing  t x e baryon f r a c t i o n  

ersonnel from the  ASCA 
Guest observer F a c i l i t y  a t  GSFC on i n - f l i g  R t ins t rumenta l  c a l i b r a t i o n  

"X-RAY E M I S S I O N  FROM ACCRETION ONTO BLACK-HOLES", he ld  a t  

i n c l u d i n g  t R e f u l l  papers f o r  many o f  t he  con t r i bu t i ons ,  can &e ?ound a t  

T A e work i s  an extens ion o f  prev ious work by 
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on the  k c-scale X-ray j e t h i n d  seen wi th  chandra i n  the  Sey fe r t  galaxy NGC 

T. Heckman (JHU), A.  Ptak (JHU), K.  Weaver (GSFC/JHU), and 
D. s t r i c k l a n d  (JHU), . s tud  i n g  a sample of 62 s t a r b u r s t i n g  and normal s p i r a l  , 
impor tant  s t a t i s t i c a l  analyses t o  be made. 

3 .  Gelbord (JHU), 
a graduate student,  worked w i t h  T.  Yaqoob (JHU/GSFC), K. Weaver(GSFC/JHU) and 
T. Heckman (JHU), complet ing h i s  PhD thes is  i n  2002. H is  t h e s i s  was 
e n t i t l e d  "Probing Circumnuclear Matter i n  Sey fer t  Galaxies w i t h  
x - ray  spectroscopy." 

D r .  Nancy A .  Levenson (JHU), 
a post -doctora l  researcher,  s tud ies  AGN and Ga lac t i c  supernova 
remnants p r i m a r i l y  a t  x - ray  energies.  I n  c o l l a b o r a t i o n  w i t h  
K. A .  Weaver (GSFC/JHU) and T. M. Heckman (JHU), she conducted research on 
Sey fer t  ga lax ies t h a t  con ta in  s t rong c i  rcumnuclear s ta rbu rs ts .  
obscure the  a c t i v e  n u c l e i  , i n  some cases r e s u l t i n g  i n  
m i s c l a s s i f i c a t i o n  of t h e  i n t r i n s i c  sources a t  o p t i c a l  wavelengths. 
D r .  Levenson, w i t h  t h e  above co l labora tors  together  w i t h  
Pro f .  7 .  K r o l i  k (JHU) a1 so publ ished a paper on unusual ly  s t rong Fe K 
emission l i n e s  from s t a r b u r s t  ga lax ies.  

D r .  Barry  MCKernan (JHU) , 
a post -doctora l  researcher,  j o ined  CAS i n  August 2001. I n  c o l l a b o r a t i o n  w i t h  
T. Yaqoob (JHU/GSFC), I. George (GSFC/UMBC), T. 7 .  Turner (GSFC), 
and T. Kallman (GSFC), he worked on 
analys ing chandra g r a t i n  data f o r  several Se f e r t  ga lax ies ,  measuring the  

massive winds w i t h  an o u t f l o w  v e l o c i t y  o f  several  hundred km/s. 
The data a l so  cons t ra in  t h e  i o n i z a t i o n  s t a t e  and dens i t y  o f  t h e  
c i  rcumnucl ear ma te r ia l  . D r  . McKernan a1 so const ructed model g r i d s  us ing  
the  photo ion iza t ion  code XSTAR t o  h e l p  i n t e r p r e t  t h e  data.  

M. Ninomiya (JHU) , 
a post -doctora l  researcher,  i n  co l l abo ra t i on  w i t h  T. Yaqoob (JHU/GSFC), 
has been conducting a l a r g e  s t a t i s t i c a l  x - ray  s tudy of t h e  com l e t e  sample o f  
h igh  r e d s h i f t  quasars observed dur ing  the  e n t i r e  l i f e t i m e  o f  t E e 
ASCA X-ray astronom 

quasars, suggested by an e a r l i e r ,  bu t  smal e r  s tudy i n  t h e  l i t e r a t u r e .  
The c o r r e l a t i o n  was confirmed and has p o t e n t i a l l y  s i g n i f i c a n t  cosmological 
consequences. 

u . padmanabhan (JHU) , 
a graduate s tudent ,  i n  c o l l a b o r a t i o n  w i t h  T. Yaqoob (JHU/GSFC) , 
K.  weaver (GSFC/JHU), I. George (GSFC/UMBC), T.  3 .  Turner (GSFC/UMBC), 
K .  Nandra (GSFC/USRA), T. Dotani ( I S A S ,  Japan), has been working on 
var ious p r o j e c t s  i n v o l v i n g  spectrosco y and d iagnos t ics  o f  t he  i r o n  K l i n e s  

i nves t i  g a t i  ng c o r r e l a t i o n s  between op t i  ca l  , UV, x - ray  p r o p e r t i  es and b ack-hol e 
mass i n  AGN. 

D r .  K i m  weaver (GSFC/JHU) , 
i n  c o l l a b o r a t i o n  w i t h  T. Heckman (JHU), E. c o l b e r t  (JHU), and A. Ptak (JHU) 
has been working on var ious  p ro jec ts  re la ted  t o  x - ray  observat ions o f  
s t a r b u r s t  ga lax ies  and understanding the phenomena associated w i t h  them 
i n  t h e o r e t i c a l  con tex t .  A graduate student , 3 .  Grimes (JHU) , supervi  sed 
by T. Heckman (JHU) has a l so  been involved i n  t h i s  work. 

Below i s  a l i s t  o f  papers i n  which d e t a i l s  o f  t he  above research and 
r e s u l t s  can be found. The l i s t  covers t h e  per iod  o f  performance o f  

2110. Co 7 b e r t  a l so  worked on a major p ro jec t ,  i n  c o l l a b o r a t i o n  w i t h  

and e l l i p t i c a l  ga lax ies  o i served w i t h  chandra. The sample w i l l  enable 

The s ta rbu rs ts  

absorpt ion and emission ? eatures present i n  t y1 e spect ra,  which i n d i c a t e  

s a t e l l i t e .  One o f  t h e  goals o f  t h i s  study was t o  

Y i n v e s t i g a t e  a cor re  Y a t i o n  between the  x - ra  absorpt ion and r e d s h i f t  i n  these 

i i n  AGN us ing  ASCA and chandra data.  S R e has a l so  been working on a p ro  e c t  
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t h i s  r e p o r t  and there fore  inc ludes only pub1 i cat ions  re1 evant t o  t h i s  
g ran t  award. on ly  those apers are l i s t e d  t h a t  i nvo l ved  c o l l a b o r a t i o n  

author was e i t h e r  a t  JHU o r  GSFC. 
between s c i e n t i s t s  from E 0 t h  JHU and GSFC, and f o r  which t h e  f i r s t  

papers publ ished i n  refereed jou rna ls  over the  l i f e t i m e  o f  t h e  coop. 

Cannizo, .. 3 .  K .  (GSFC), Gehrels, N. (GSFC), & v i shn iac ,  E.T. (JHU) 2004. 
Numerical Gamma-Ray Burst  s imulat ion Usi ng Three-Di mensi onal 

Re1 a t i  v i  s t i  c Hydrodynami cs: 
J e t - l i  ke Expansion, I ApJ, 601, 380. 

JU l ian  H. (JHU) , Mulchaey, John S . ,  & Mushotzky, Richard F. (GSFC) 2002. 
"The x-Ray Ref lec to rs  i n  the  Nucleus o f  t h e  Sey fer t  Galaxy 

c o l b e r t ,  Edward 3 .  M. (JHU), Heckman, T. M. (JHU), Ptak,  A.  (JHU), 

The T r a n s i t i o n  from spher i  c a l  t o  

c o l b e r t ,  Edward J .  M. (JHU), Weaver, Kimberly A. (GSFC), K r o l i k ,  

NGC 1068", APJ, 581, 182 

s t r i c k l a n d ,  .. D. K .  (JHU), & Weaver, K. A. (JHU/GSFC) 2003. 

ApJ, i n  press (astro-ph/0305476) 
01 d and Young X-ray Poi n t  Source Popul a t i  ons i n Nearby Galaxies , I 

Gelbord, .. 3 .  (JHU) 2002. PhD Thesis, Johns Hopkins U n i v e r s i t y ,  
probing C i  rcumnucl ear Mat ter  i n Seyfer t  Gal ax i  es w i t h  

x - ray  spectroscopy." 

George, I. M. (GSFC/UMBC), Mushotzky, R .  F. (GSFC), Yaqoob, T. (JHU/GSFC), 
Turner,  T. I .  (GSFC/UMBC) , Kraemer, S. (GSFC/CU) , 
ptak,  A.  F. (JHU), Nandra, K .  (GSFC), Crenshaw, D. M. (GSFC) 
& Netzer,  H.  2001. "x-Ray Emission from t h e  Nucleus o f  t h e  Dwarf 
E l l i p t i c a l  Galaxy NGC 3226, I Apl , 559, 167 

George, I. M. ,  (GSFC/UMBC), Turner, T. J .  (GSFC/UMBC), Netzer,  H. ,  
Kraemer, 5. B. ,  Ruiz, J . ,  chelouche, D . ,  crenshaw, D. M., 
yaqoob, T. (HU/GSFC), Nandra, K .  (GSFC), & Mushotzky, R. F. (GSFC) 
2001. "The Detect ion o f  C i  rcumnuclear X-Ray Emission from the  
Sey fer t  Galaxy NGC 3516", ~ p l ,  2002, 571,  265. 

George, I. M. (GSFC), Turner,  T. 7. (GSFC), Yaqoob, T. (JHU/GSFC), Netzer,  
H . ,  Laor, A . ,  Mushotzky, R .  F. (GSFC), Nandra, K .  (GSFC), & Takahashi, T. 
2000, * 'X-Ray observat ions o f  o p t i  c a l l  y se lec ted  , Radio-qui e t  
Quasars. I. The ASCA Resul ts .  , I '  ApJ, 5 3 1 ,  52 

G i l l i ,  R . ,  MaiOlinO, R . ,  MarCOni, A . ,  R i s a l i t i ,  G . ,  Dadina, M . ,  
Weaver, . . K .  A. (GSFC/JHU), c o l b e r t ,  E .  3. M. (JHU) 2000. 

a rev ived AGN," A&A 3 5 5 ,  485 

McKernan , 5 .  (JHU) , Gabel , 3. R .  (GSFCTCU) , George, I. M. (GSFC/UMBC), 
Turner,  .. T. 1. (GSFC/UMBC), & DUnn, 3 .  P. 2003. 

Markarian 509. 11. S T I S  Echelle observat ions,"  ApJ, 582, 1 2 5  

Weaver, K.  A .  (GSFC), Awaki, H . ,  & Terashima, Y.  2002 
. Extreme x-Ray I r o n  Lines i n  Ac t ive  Ga lac t i c  Nuc le i ,  
ApJ, 573, L81, 

The v a r i a b i l i t y  o f  t he  Seyfert  galaxy NGC 2992: t h e  case f o r  

Kraemer, S.  B. (GSFC/CU), crenshaw, D. M . ,  Ya oob, T. (JHU/GSFC), 

The Kinematics and Physical  cond i t ions  o f  t h e  Ion i zed  Gas i n  

Cevenson, N. A .  (JHU), K r o l i k ,  7 .  H. (JHU), z y c k i ,  P. T . ,  Heckman, T. M. (JHU), 
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c i d  Fernandes, Jr. ,  R. (GSFC), & Storchi-Bergmann, T. 2001. 
"The obscur ing s ta rbu rs t  o f  NGC 6221 and Imp l i ca t i ons  f o r  t h e  Hard 
X-Ray Background," ApJ, 557, 54 

2001. "The Seyfer t -Starburst  Connection i n  x-Rays. 11. Resul ts  and 
Imp l i ca t i ons , "  ApJ, 550, 230 

2001. "The Seyfer t -S tarburs t  Connection i n  x-Rays. I. The Data," 
APJS, 1 3 3 ,  269 

Levenson, N.  A.  (JHU), Weaver, K .  A.  (GSFC/JHU), Heckman, T. M. (JHU), 

Levenson, N.  A. (JHU), weaver, K.  A.  (GSFC/JHU), & Heckman, T. M. (JHU) 

Levenson, N. A .  (JHU), Weaver, K. A .  (GSFC/JHU), & Heckman, T. M. (JHU) 

Levenson, N. A .  (JHU), Weaver, K .  A. (GSFC/JHU), & Heckman, T. M. (JHU), 
Awaki , H. , & Terashima, Y. 2003. 
* 'Acc re t i on  and Outf low i n  t h e  AGN and s t a r b u r s t  o f  NGC 5 1 3 5 , "  
ApJ, i n  press (astro-ph/0310669) 

McKernan, B. (JHU), Yaqoob, T. (JHU/GSFC), Mushotzky, R .  F. (GSFC), 
George, .. I. M. (GSFC/UMBC), & Turner, T. 1 .  (GSFC/UMBC) 2003. 

A Warm Hot I n t e r g a l a c t i c  Medium Towards 3C 120?," ApJ, 598, L83 

MCKernan, B .  (JHU), Yaqoob, T. (JHU/GSFC), George, I. M. (GSFC/UMBC), & 
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